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(54) SENSITIVITY EVALUATION METHOD OF ACCELERATION SENSOR ELEMENT 

{57)Abstract: 

PROBLEM TO BE SOLVED: To evaluate the main spindle sensitivity and the noise sensitivity of a detecting 
element by measuring the output of each detecting element when an acceleration sensor element is fixed to a 
vibration tensting machine, and vibrated in the axial direction to be measured, and when each detecting 
element is fixed on a position rotated by 180 degrees, and vibrated. 

SOLUTION: An acceleration sensor element is fixed to a vibration generating machine having an excitation 
shaft, and vibrated in the axial direction to be measured among the X. Y, Z three axes, and the output of a 
detecting element of each axis is measured. Then the acceleration sensor element is fixed to the vibration 
testing machine on a position rotated by 180 degrees on a center of the excitation shaft, and vibrated in the 
axial direction to be measured, and the output of the detecting element for each axis is measured. The 
acceleration sensor element consists of a weight, a support mounted near the weight and having a hollow part, 
the detecting elements respectively for X. Y. Z axes, capable of converting the mechanical force into an 
electric signal, and a flexible board balancing the weight on the center of the hollow part of the support and 
bringing the same. The influence of the noise vibration from the vibration generating machine can be excluded 
by carrying out the calculation based on two measured values. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the approach of evaluating the sensibility of the acceleration-sensor component which can 
detect the acceleration which acts from the outside as an acceleration component for every shaft of X, Y, and 
2 by the sensing element which outputs mechanical force as an electric signal. Fix said acceleration-sensor 
component to the vibration testing machine which has an excitation shaft, and It excites to the shaft 
orientations of 1 made into the measuring object among each shaft of X. Y, and 2 of the acceleration-sensor 
component concerned. The 1st electrical output outputted from the sensing element for X, Y, and Z each 
shafts is measured. Subsequently In said vibration testing machine, fix said acceleration-sensor component to 
the location rotated 180 degrees centering on said excitation shaft, and it excites again to the shaft 
orientations of 1 made into said measuring object. X. Y. the sensitivity-evaluation approach of the acceleration- 
sensor component characterized by measuring the 2nd electrical output outputted from the sensing element for 
2 each shafts. 

[Claim 2] The sensitivity-evaluation approach of the acceleration-sensor component according to claim 1 which 
is an acceleration-sensor component constituted as resemble the flexible plate constructed horizontally across 
the bridge abutment so that the acceleration-sensor component set as the object of sensitivity evaluation 
might have a sensing element for weight, bridge abutment [ which was attached near / concerned / the 
weight / which has a centrum ], X [ which outputs mechanical force as an electric signal ]. Y, and 2 each shafts 
and might hang a weight at the core of the centrum of said bridge abutment. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of evaluating the sensibility of the acceleration- 
sensor component which can detect the acceleration which acts from the outside as an acceleration 
component for every shaft of X, Y. and Z by the sensing element which outputs mechanical force, such as a 
piezo-electric mold component, as an electric signal. 
[0002] 

[Description of the Prior Art] In an automobile industry or machine industry, the need of the sensor which can 
detect physical quantity, such as force, acceleration, and MAG, to accuracy is increasing. A small sensor which 
can detect such physical quantity for every component of-dimensional [ 2 ] or three dimensions especially is 
desired For example, the sensor which laid two or more piezo electric crystals on the flexible plate which has 
an operation object is exhibited (JP.5-26744.A). 

[0003] This sensor is constituted so that a flexible plate may deform from the exterior corresponding to the 
physical quantity which acts on an operation object and it can detect the direction and magnitude of said 
physical quantity in three dimensions by the single sensor component with the charge generated in a piezo 
electric crystal according to distortion by deformation of the flexible plate concerned. 

[0004] In order that an inertia force f may act on a weight 10 in the direction which disagrees with acceleration 
a when acceleration a acts from the exterior to a sensor component as shown in drawing 2 if the example of 
the acceleration sensor used as the weight explains an operation object, the deformation accompanying an 
inertia force f arises in the flexible plate 12 constructed across horizontally between the weight 10-bridge 
abutments 11. 

[0005] Since the charge according to the direction of polarization and magnitude of the piezo electric crystal 13 
laid on the direction of distortion and magnitude by the deformation concerned, and a flexible plate 1 2 is 
generated in a piezo electric crystal 13. it becomes possible by outputting the charge concerned as an electric 
signal from the up electrodes 17x, 17y. and 17z and the lower electrode 18 to detect the direction and 
magnitude of acceleration which act from the outside. 
[0006] 

[Problem(s) to be Solved by the Invention] Although an above-mentioned acceleration-sensor component 
originates in it being what detects the acceleration which acts from the outside as an acceleration component 
for every shaft of X. Y, and 2, for example, the weight has received acceleration only in X shaft orientations, 
the sensibility of Y shaft orientations and 2 shaft orientations may be shown (such sensibility is hereafter called 
"noise sensibility".). 

[0007] In order to collateralize the dependability of a sensor, since existence of noise sensibility is not 
desirable, it needs to control the ratio of the noise sensibility to the sensibility (such sensibility is hereafter 
called "main shaft sensibility".) of X shaft orientations which should be detected if it says in the 
aforementioned example within the predetermined range (when for example, main shaft sensibility Is made into 
100%. noise sensibility is 5 etc.% or less etc.). 

[0008] However, since it is very difficult to make noise sensibility to 0 in the production process of an 
acceleration-sensor component, the noise sensibility of the manufactured acceleration-sensor component is 
evaluated to accuracy, and the sensitivity calibration is performed so that noise sensibility may be controlled 
with trimmings, such as capacitance trimming which excises some electrodes which constitute the polarization 
trimming or the plezo-electric mold component which adjusts whenever [ polarization / of the piezo electric 
crystal which constitutes a piezo-electric mold component ]. 

[0009] Generally, to the vibration testing machine which has excitation shafts, such as for example, an 
electrodynamic type vibration testing machine, it fixes and the sensitivity evaluation of an acceleration-sensor 
component is excited so that one shaft of X of an acceleration-sensor component, Y, and 2 may be in 
agreement with the excitation shaft of a vibration testing machine, and it is performed by measuring the charge 
or electrical potential difference outputted from the piezo-electric mold component for X, Y, and 2 each shafts. 

[0010] For example, as shown in drawing 1 . a vibration testing machine 1 is equipped with the bell shape 
pedestal 3 which equipped inner skin with the coil 2 for excitation (or permanent magnet), and the oscillating 
object 5 of the shape of a cylinder hung by the flat spring 4 focusing on the cylindrical centrum of a pedestal 3, 
and the oscillating object 5 is formed in the coil 6 for actuation, and one. 
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[0011] A field can be formed with the electromagnet (or permanent magnet) formed of the energization to the 
coil 2 for excitation, and, according to the vibration testing machine 1. the oscillating object 5 can be vibrated in 
the vertical direction by setting an excitation shaft as the medial axis of the cylindrical centrum of a pedestal 3 
by energizing alternating current in the coil 6 for actuation in the field concerned (such an oscillation is 
hereafter called "main shaft oscillation".). 

[0012] therefore — both [ for example, the sensibility (main shaft sensibility) of the shaft orientations X which 
should detect essentially if the charge or the electrical potential difference which fixes to the top face of the 
oscillating object 5. excites the X-axis of an acceleration-sensor component so that it may be in agreement 
with said excitation shaft, and is outputted from the piezo-electric mold component for X. Y. and Z each shafts 
measures, and the sensibility (noise sensibility) of the shaft orientations Y which should detect and which do 
not come out. and shaft orientations Z — although — it should be able to evaluate to accuracy — it comes 
out. 

[0013] However, it originates in that there is variation in the spring nature of two or more flat springs which 
hang the oscillating object of ** vibration testing machine actually, and it be difficult etc. to balance a load 
thoroughly and to adjust balance at the time of immobilization on the oscillating object of ** acceleration- 
sensor component, and the case where the oscillating component (such an oscillating component is hereafter 
call "noise oscillation") which intersects perpendicularly not only with a main shaft oscillation but with this 
occurs may arise. 

[0014] Since it will be the component which vibrates the acceleration-sensor component on an oscillating 
object to Y shaft orientations or Z shaft orientations if said noise oscillation is said in an above-mentioned 
example, the acceleration-sensor component on an oscillating object will not vibrate only to X shaft 
orientations. 

[0015] That is. in such a case, the sensibility of the component for Y-axes and the component for the Z-axes 
had the problem that only a value including the effect of a noise oscillation could estimate, and noise sensibility 
could not be evaluated to accuracy. If noise sensibility cannot evaluate to accuracy, since the sensitivity 
calibration which controls noise sensibility cannot be performed, either, it leads to lowering of the dependability 
of an acceleration-sensor component and is not desirable. 

[0016] The place which this invention is made in view of the above-mentioned situation, and is made into the 
object is by eliminating the effect of a noise oscillation to offer the sensitivity-evaluation approach of an 
acceleration-sensor component that each of main shaft sensibility of an acceleration-sensor component and 
noise sensibility can be evaluated to accuracy. 
[0017] 

[Means for Solving the Problem] According to this invention, by namely, the sensing element which outputs 
mechanical force as an electric signal It is the approach of evaluating the sensibility of the acceleration-sensor 
component which can detect the acceleration which acts from the outside as an acceleration component for 
every shaft of X, Y. and Z. Fix said acceleration-sensor component to the vibration testing machine which has 
an excitation shaft, and it excites to the shaft orientations of 1 made into the measuring object among each 
shaft of X. Y, and Z of the acceleration-sensor component concerned. The 1st electrical output outputted from 
the sensing element for X, Y, and Z each shafts is measured. Subsequently In said vibration testing machine, fix 
said acceleration-sensor component to the location rotated 180 degrees centering on said excitation shaft, and 
it excites again to the shaft orientations of 1 made into said measuring object. The sensitivity-evaluation 
approach of the acceleration-sensor component characterized by measuring the 2nd electrical output 
outputted from the sensing element for X. Y, and Z each shafts is offered. 

[0018] The acceleration-sensor component constituted as resemble the flexible plate constructed horizontally 
across the bridge abutment so that it might have a sensing element for bridge abutment [ which was attached 
near the weight and the weight concerned / which has a centrum ], X [ which outputs mechanical force as an 
electric signal ], Y. and Z each shafts as an acceleration-sensor component set as the object of the sensitivity- 
evaluation approach of this invention and a weight might be hung at the core of the centrum of said bridge 
abutment is mentioned. 
[0019] 

[Embodiment of the Invention] The sensor component which the acceleration-sensor component (only 
henceforth a "sensor component") set as the object of the sensitivity-evaluation approach of this invention 
consists of with the flexible plate 1 2 constructed across horizontally between the bridge abutments 1 1 which 
counter so that it may have a weight 10. the bridge abutment 11 attached around about ten weight, and the 
sensing element which outputs mechanical force as an electric signal and a weight 10 may be hung, as shown in 
drayyfing.2 is mentioned. 

[0020] In the weight 10 in said sensor component, it is a member for making a flexible plate 12 produce 
deformation according to the force which generated the upper bed side based on the magnitude of the 
acceleration which was hung so that a flexible plate 12 might be contacted, and which acts from the outside, 
and a direction. 

[0021] A flexible plate 12 may be pasted with adhesives etc., or a weight may a flexible plate 12 and really be 
fabricated. As for a weight, it is desirable to hang from the field of symmetric property to the core of a flexible 
plate. 

[0022] A weight is not limited especially as long as It is the configuration which can hang an upper bed side so 
that a flexible plate may be contacted, but that from which an outer diameter changes continuously or 
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discontinuously is also included like others, a truncated cone, and a different diameter cylinder. [ tubed ] 
However, the shape of a cylinder as shown in drawing 2 in the point that the symmetric property over a X-Y 
flat surface is high is desirable. 

[0023] Although especially the construction material of a weight is not limited, either. It Is desirable for there to 
be sufficient mass, to be hard to be influenced of an electromagnetic wave in addition to a consistency being 
high, and to constitute with the ceramics which is construction material with a low coefficient of thermal 
expansion. 

[0024] In the bridge abutment 11 in said sensor component, it is a member for supporting the flexible plate 12 
and weight 10 around which the weight 10 was attached as a core. Therefore, as long as it has the 
reinforcement which can support a flexible plate 12 and a weight 10, the configuration, especially construction 
material, etc. are not limited. 

[0025] However, processing is easy, the configuration in which an external configuration as shown in drawing 2 
has the cylindrical centrum 1 6 by the shape of the square pole in the point that the symmetric property over 
an X-Y flat surface is comparatively high is desirable, rigidity is high and it is desirable to constitute with the 
ceramics which Is the construction material which cannot be easily influenced of an electromagnetic wave. 
[0026] In the flexible plate 12 in said sensor component, it is the plate-like part material which was constructed 
across horizontally between the bridge abutments 1 1 which hang a weight 10 and counter and which has a 
sensing element, and the sensing element which outputs mechanical force as an electric signal is arranged. 
Unless a flexible plate has flexibility and damages it by the behavior of a weight, although a configuration, 
especially construction material, etc, are not limited, it is desirable in a point with easy processing to constitute 
with the plate 1 2 of one sheet, as shown in drawing 2 . 

[0027] As a sensing element, although the sensing element of a piezo-electric mold, an electrodynamic type, a 
servo mold, a strain gage mold, and an electrostatic-capacity mold is mentioned, for example, it is desirable 
that it is the piezo-electric mold component (only henceforth a ''piezoelectric device") which comes to pinch a 
plezo electric crystal as shown in drawing 2 in a broadband, high sensitivity, and the lightweight point about 
being small in this invention with 1 set of electrodes (an up electrode and lower electrode) from a vertical side. 
[0028] When a sensing element is a piezoelectric device. Young's modulus is high and it is desirable to 
constitute a flexible plate from ceramics which is easy to carry out induction of the distortion to a piezo 
electric crystal. Moreover, the whole flexible plate may consist of piezo electric crystals. 
[0029] As a piezo electric crystal which constitutes a piezoelectric device, although electrostrictive ceramics, 
organic piezo electric crystals, etc.. such as PZT. PMN. and PNN. can be used, it is desirable to use PZT which 
is excellent in a piezo-electric property. Although especially the configuration of a piezo electric crystal is not 
limited, as shown, for example in drawing 2 . a piezo electric crystal 13 can be formed in the whole top face of a 
flexible plate 12. 

[0030] Furthermore, in a piezoelectric device, need to classify an up electrode, a piezo electric crystal, and a 
lower electrode, and it is not necessary to necessarily form them for every piezoelectric device, as shown in 
drawing 2 . they may form the lower electrode 18 and a piezo electric crystal 13 in the whole top face of a 
flexible plate 12, and they may form piezoelectric devices 14x, 14y, and 14z by classifying and arranging only 
the up electrodes 1 7x, 1 7y, and 1 7z. 

[0031] If the acceleration which acts from the outside can be detected as an acceleration component for every 
shaft of X" Y. and Z, it is sufficient for the acceleration-sensor component set as the object of the sensitivity- 
evaluation approach of this invention, and it does not require that it is what detects the acceleration 
component of all the shafts of X, Y, and Z with single weight and flexible plate. For example, you may be 1 set 
of sensor components which come to combine three sets of the sensor components corresponding to each 
shaft of X, Y, and Z. 

[0032] However, in this invention, an acceleration-sensor component has a piezoelectric device for X, Y. and Z 
each shafts on the flexible plate of 1, and can use suitably especially to the acceleration-sensor component 
(such a sensor component is hereafter called "3 axial sensor component".) which can detect the acceleration 
which acts from the outside as an acceleration component for every shaft of X, Y, and Z by the single sensor 
component. 

[0033] Although it is also possible in the case of 1 set of sensor components which come to combine three sets 
of the sensor components mentioned already to combine after carrying out sensitivity evaluation of each of 
three sets of sensor components and proofreading it h is because it is difficult to take such an approach on the 
structure of having all piezoelectric devices on the flexible plate of 1 in the case of 3 shaft sensor component, 
so can evaluate the both sides of main shaft sensibility and noise sensibility and they cannot be proofread to 
accuracy, if it is not an approach like this invention. 

[0034] As shown in drawing 2 . the piezoelectric device for each shafts of 3 shaft sensor component is 
constituted by at least one pair of piezoelectric devices arranged in the location which carries out the phase 
symmetry a core [ a weight 10 ]. As for the thing for X and Y-axes in the piezo electric crystal which 
constitutes one pair of piezoelectric devices concerned, polarization processing of the same magnitude is 
mutually performed to reversed polarity by like-pole nature, as for each thing for the Z-axes. 
[0035] The charge of reversed polarity generated in piezoelectric-device 14y for piezoelectric-device 14x and 
the Y-axes which are not illustrated for the X-axes when a weight 10 vibrated to Z shaft orientations by such 
polarization processing, as shown in drawing 3 (b) is offset mutually, and an electric signal is not outputted. On 
the other hand As shown in drawing 3 (c), when a weight 10 vibrates to X and Y shaft orientations, the charge 
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of reversed polarity generated in piezoelectric-device 142 for the Z-axes is offset mutually, and an electric 
signal is not outputted. 

[0036] That is. since the component for X. Y, and Z each shaft of every can be detected without being 
Influenced [ which acts on other shaft orientations ] of acceleration, it becomes possible by compounding the 
component concerned to detect the direction and magnitude of acceleration which act from the outside in 
three dimensions by the single sensor component. 

[0037] After the above sensor components of a configuration carry out the laminating of two or more green 
sheets cut in the fault configuration of the configuration of a sensor component and stick them to one by 
pressure, by being able to fabricate with the green sheet laminated layers method to calcinate, using the 
technique of thick-film methods, such as screen-stencil, for the Plastic solid concerned, and forming a lower 
electrode, a piezo electric crystal, and an up electrode, they are small and can manufacture the sensor 
component of high sensitivity and high degree of accuracy simple. 

[0038] The electrodynamic type vibration testing machine with which it had the bell shape pedestal 3 which 
equipped with the coil 2 for excitation (or permanent magnet) inner skin as the vibration testing machine used 
for the sensitivity-evaluation approach of this invention meant the vibration testing machine which has an 
excitation shaft, for example, shown in drawing 1 R> 1. and the oscillating object 5 of the shape of a cylinder 
hung by the flat spring 4 focusing on the cylindrical centrum of a pedestal 3. and the oscillating object 5 was 
formed in the coil 6 for actuation and one is mentioned. 

[0039] Although the electrodynamic type vibration testing machine of drawing 1 vibrates the oscillating object 5 
by energization of alternating current by setting an excitation shaft as the medial axis of the cylindrical centrum 
of a pedestal 3 It is the oscillating component (such an oscillating component is hereafter called "noise 
oscillation".) which originates in the variation in the spring nature in two or more flat springs of ** vibration 
testing machine, the imbalance of the load at the time of immobilization on the oscillating object of ** sensor 
component, and and intersects perpendicularly with the medial axis of the cylindrical centrum of a pedestal 
3 actually. Since it contains, it is necessary to eliminate the effect. 

[0040] Then, in this invention, the electrical output outputted from a sensing element In two locations for 1 80 
degree centering on an excitation shaft is measured. About the measured value of two sorts of electrical 
outputs concerned, by performing mathematical processing which is mentioned later, for example, the effect of 
a noise oscillation of a vibration testing machine can be offset, and it becomes possible to evaluate each of 
main shaft sensibility of a sensor component, and noise sensibility to accuracy. 

[0041] Although the measurement of an electrical output at the time of using the vibration testing machine of 
drawiDfi.! and vibrating a sensor component to X shaft orientations hereafter (when main shaft oscillations 
being X shaft orientations) and the example of mathematical processing are explained, also when vibrating Y 
shaft orientations and Z shaft orientations, the same approach can completely be used (when a main shaft 
oscillation is Y shaft orientations or Z shaft orientations). 

[0042] (Measurement of an electrical output) A sensor component is first fixed to a vibration testing machine 1. 
An acceleration-sensor component Is fixed to oscillating object 5 top face so that the excitation shaft of a 
vibration testing machine 1 and X shaft orientation of the sensor component made into the measuring object 
may be in agreement. 

[0043] Subsequently, by energizing a current in the coil 2 for excitation of a vibration testing machine 1. and 
energizing alternating current in the coil 6 for actuation further, a sensor component is excited to X shaft 
orientations, and the electrical output outputted from the sensing element for X, Y. and Z each shafts is 
measured and recorded (henceforth "measured value of the 1st electrical output"). 

[0044] Furthermore, it is oscillating object 5 top face of a vibration testing machine 1, a sensor component is 
fixed to the location rotated 180 degrees on the basis of the medial axis of the oscillating cylinder-like object 5, 
a sensor component is again excited to X shaft orientations, and an electrical output is measured and recorded 
similarly (henceforth "measured value of the 2nd electrical output"). 

[0045] For example, when a sensing element is a piezoelectric device, the electrical potential difference 
produced In connection with the charge generated in the piezo electric crystal which constitutes the 
piezoelectric device concerned as an "electrical output" to measure, or the charge concerned is mentioned. In 
this case, it is desirable to measure an electrical potential difference in the point which can measure a charge 
comparatively simple in the point of being hard to be influenced of KYAPANSHI wardrobe components, such as 
lead wire. 

[0046] Moreover, in case an electrical output is measured, the input voltage of a vibration testing machine is 
adjusted so that the acceleration component of X shaft orientations of the oscillation at the time of measuring 
the 1st electrical output and the acceleration component of the X-axis of the oscillation at the time of 
measuring the 2nd electrical output may become equal. By carrying out like this, it is because the mathematical 
processing mentioned later will become easy. 

[0047] although all of the measured value of the 1st electrical output measured as mentioned above and the 
measured value of the 2nd electrical output be the variation in the spring nature in two or more flat springs of 
** vibration testing machine , the imbalance of the load at the time of immobilization on the oscillating object of 
** sensor component , and a value including the effect of the noise oscillation ( oscillating component of the 
shaft orientations which intersect perpendicularly with the excitation direction ) resulting from ** . the effect of 
a noise oscillation can offset by performing the mathematical processing which mention later , for example . 
[0048] (Mathematical processing The measured value Vxl. Vyl. and Vzl of the 1st electrical output from the 
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sensing element for X [ at the time of exciting a sensor component to X shaft orientations as mentioned 
above ]. Y. and Z each shafts is values including the effect of the acceleration components Ayl (Y shaft 
orientations) and Azl (Z shaft orientations) of a noise oscillation of not only the acceleration component Ax1 (X 
shaft orientations) of a main shaft oscillation of a shaker but a shaker. About this point the same is said of the 
measured value of the 2nd electrical output. 

[0049] Moreover, to the sensibility (main-shaft sensibility: xx) to the acceleration of X shaft orientations, the 
sensing element for the X-axes is a fixed ratio, and has the sensibility (noise sensibility: xy. xz) to the 
acceleration of Y shaft orientations and Z shaft orientations. The same is said of the sensing element (yxryyiyz) 
for [ point / .this ] Y-axes. and the sensing element (zx:zy:zz) for the Z-axes. 

[0050] The mutual relation of sensibility ** of the electrical output from the sensing element under the above 
conditions, the acceleration component added actually, and a sensing element can be expressed about the 
measured value of the 1 st electrical output like [ measured value / of the following type 1 and the 2nd 
electrical output ] the following type 2. 
[0051] 
[Formula 1] 
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[Formula 2] 
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[0053] Here, if phase comparison of beta and Azl is set to gamma for phase comparison of the acceleration 

component Ayl of the noise oscillation at the time of setting the acceleration component Axl of X shaft 

orientations to 100. the following formula 3 will be materialized at the time of the 1st electrical output 

measurement. 

[0054] 

[Formula 3] 
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[0055] On the other hand, at the time of the 2nd electrical output measurement after 180-degree revolution. 

although the magnitude of a noise oscillation is the same, in order to completely act towards reverse to a 

sensor component, the sign of beta and gamma reverses a sensor component, and the following formula 4 is 

materialized. 

[0056] 

[Formula 4] 
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[0057] The following formula 6 can be drawn by substituting a formula 3 to a formula 1 by substituting a formula 
4 for the following formula 5 to a formula 2. 
[0058] 
[Formula 5] 
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[0059] 






[Formula 6] 
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[0060] Since the input voltage of a vibration testing machine is adjusted so that the acceleration component 

Axl of X shaft orientations of the oscillation at the time of measuring the 1st electrical output and the 

acceleration component Ax2 of the X-axis of the oscillation at the time of measuring the 2nd electrical output 

may become equal In case an electrical output is measured like previous statement the following formula 7 is 

realized. 

[0061] 

[Formula 7] 

Axl = Ax 2 = Ax 

[0062] Therefore, the following formula 8 by which the term of the noise oscillations beta and gamma was 
eliminated from the sum of a formula 5 and a formula 6 can be drawn. It can ask for the noise sensibility yx and 
2X of the sensing element for Y-axes. and the sensing element for the Z-axes which does not include the main 
shaft sensibility xx of the sensing element for the X-axes to the acceleration of X shaft orientations, and the 
effect of a noise oscillation from a formula 8. 
[0063] 
[Formula 8] 



2 Ax 



Vxl 
Vyl 
Vzl 



Vx2 
Vy2 
Vz2 



[0064] On the other hand, the following type 9 can be drawn from the difference of a formula 5 and a formula 6. 
In this case, since output component betaxy. gammaxz, gammayz, and betazy are the noise sensibility about a 
noise oscillation, as compared with output component betayy and gammazz which are the main shaft sensibility 
about a noise oscillation, they serve as a very small value and can be disregarded. Therefore, a formula 9 can 
be approximated like a formula 10 and can also calculate the approximate value of the phase comparison beta 
of the acceleration component of Y shaft orientations of a noise oscillation, and the phase comparison gamma 
of the acceleration component of Z shaft orientations. 
[0065] 



[Formula 9] 
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[0066] 

[Formula 10] 
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[0067] It becomes possible to offset the effect of a noise oscillation of a vibration testing machine, and to 
evaluate each of main shaft sensibility of a sensor component, and noise sensibility by mathematical processing 
like previous statement to accuracy. 

[0068] However, the oscillation added in a shaker is a sine wave, for example, when an oscillating object draws 
an ellipse-like orbit and vibrates, the phase of a main shaft oscillation and a noise oscillation is not necessarily 
in agreement. Therefore, it is necessary to care about the point that phase lag thetay of a noise oscillation and 
thetaz must be taken into consideration as actually shown in a formula 11. 
[0069] 

[Formula 11] 
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[0070] 

[Example] Hereafter, an example explains the sensitometry approach of this invention to a detail further. The 
electrodynamic type vibration testing machine of the structure shown in dxawjn^j as a vibration testing 
machine in this example was performed by measuring an electrical potential difference as an electrical output. 
[0071] Immobilization of a sensor component was performed using the fixtures 22. 23. and 26 shown in drawing 
4 . A fixture 22 is box-like [ equipped with opening 22c of the sensor component 20 and an abbreviation same 
configuration ]. and bolthole 22b is formed In 22d of striations for pulling out a coaxial line 21, and four corners 
in female screw 22a and the center of the side. 

[0072] A fixture 23 is plate-like and bolthole 23b is formed in four corners in bolthole 23a and the center of the 
side like the fixture 22. Moreover, a fixture 26 is a regular hexahedron which makes the same fixtures 22 and 23 
and die length of one side, and female screw 26b is formed in four corners in bolthole 26a and the center of the 
side. Furthermore, it had trouble on the oscillating object 28 of a vibration testing machine, screw-thread 28a 
was formed, and the standard acceleration pickup 31 was fixed with the instantaneous adhesive near the female 
screw 28a. 

[0073] First, the sensor component 20 which soldered the coaxial line 21 for detecting a charge is stuck on a 
fixture 22 with adhesives. and it screws on and fixes so that the sensor component 20 may be pinched between 
fixtures 23 using a bolt 25 (this member is hereafter called "member 30 for immobilization".). On the other 
hand, using a bolt 27. a fixture 26 and the oscillating object 28 of a vibration testing machine are screwed on. it 
fixes, and level acUusts the horizontal of a fixture 26. 

[0074] Subsequently, the sensor component 20 and the oscillating object 28 of a vibration testing machine were 
fixed by being acceptable fixture 26 with the boltholes 22b and 23b of the member 30 for immobilization, 
carrying out alignment of the screw-thread 26b. and screwing the member 30 for immobilization, and a fixture 
26 on using a bolt 24. 

[0075] If a model is made and the sensor component 20 is explained as shown in drayying 5 (b), the attaching 
position to the fixture 26 in the case of vibrating the sensor component 20 to X shaft orientations will turn into 
a location shown in drawing 6 (a), and the attaching position rotated 180 degrees will turn into a location shown 
in drawing 6 (b). What is necessary is just to attach the sensor component 20 in the location shown in drawing 
8 . in vibrating Y shaft orientations similarly and vibrating drawing 7 and Z shaft orientations. 
[0076] In addition, when making X and a Y-axis into the measuring object, since the member 30 for 
immobilization was attached in the side face of a fixture 26. it screwed the dummy fixture 29 of the same 
configuration as the member 30 for immobilization, and the same weight on the rear face of the field in which 
the member 30 for immobilization of a fixture 26 was attached, fixed to it, and balanced weight. 
[0077] First, the member 30 for immobilization containing the sensor component 20 was fixed to the location of 
drawing 6 (a), and in the oscillation frequency of 80Hz. the oscillation of a vibration testing machine was 
adjusted so that the maximum acceleration Axl of X shaft orientations of the standard pickup 31 stuck at the 
oscillating object 28 of a vibration testing machine might serve as a sine wave of 10 m/s2. In this condition, it 
measured about the 1st electrical output Vxl, Vyi. and Vzl from the sensor component 20. i.e., the measured 
value of the electrical potential difference generated in the piezoelectric device for each shafts, and the phase 
of each oscillation. 

[0078] Moreover, the attaching position of the member 30 for immobilization and the dummy fixture 29 is 
replaced An oscillation of a vibration testing machine is adjusted. ( — namely, the location rotated 180 degrees 
— attaching — ) — so that the maximum acceleration Ax2 of X shaft orientations may serve as a sine wave of 
10 m/s2 similarly It recorded about the 2nd electrical output Vx2, Vy2, and Vz2 from the sensor component 20. 
i.e.. the measured value of the electrical potential difference generated in the piezoelectric device for each 
shafts, and the phase lag of each oscillation. These results are shown in a table 1 and drawing 9 (a) - (c). 
[0079] 
[A table 1] 
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[0080] Furthermore, as shown in drawing 9 (a) - (c). 1/2 of the sum of the measured value of the 1st electrical 
potential difference and the measured value of the 2nd electrical potential difference and one half of the graphs 
of a difference were plotted for every shaft, respectively, and the peak value in each graph was read in the 
measured value Vxl. Vyi. and Vzl of the 1st electrical potential difference, and the measured value Vx2. Vy2. 
and Vz2 of the 2nd electrical potential difference. The result is shown in a table 2 
[0081] 
[A table 2] 
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[0082] It can set. when similarly the sensor component 20 is attached in the location of drawing 7 and a Y-axis 
is made into the measuring object. It can set. when it attaches in the location of ^rawing 8 R> 8 and the Z-axis 
is made into the measuring object. The measured value of the 1st and 2nd electrical potential differences and 
the phase lag of an oscillation in a list were measured, 1/2 of the sum of the measured value of the 1st 
electrical potential difference and the measured value of the 2nd electrical potential difference and one half of 
the graphs of a difference were plotted, respectively, and the peak value in each graph was read. The result is 
shown in a table 3 and a table 4. 



[0083] 
[A table 3] 
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[0084] 
[A table 4] 
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[0085] From the result of a table 2 - a table 4. as the absolute value of the main shaft sensibility for X [ of a 
sensor component ]. Y. and Z each shaft of every shows in a table 5. and the relative value of noise sensibility 
shows in a table 6. it is computed. Moreover, it is computed as the relative value (approximate value) of a noise 
oscillation of the vibration-testing-machine origin shows in a table 7. 



:0086] 
A table 5! 
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[0087] 

[A table 6] 
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[0088] 
[A table 7] 
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[0089] 

[Effect of the Invention] As explained above, according to the sensitivity-evaluation approach of this invention, 
the effect of the noise oscillation originating in a vibration testing machine can be eliminated, and it becomes 
possible to evaluate each of main shaft sensibility of an acceleration-sensor component, and noise sensibility to 
accuracy. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.3MaMe shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[BrawingJ] It is the outline sectional view showing the example of a vibration testing machine. 

[Drawing 2] It is approximate account drawing showing the example of 1 of the sensor component used for this 

invention, and (a) is a plan and (b) is an A-A' sectional view. 

[Drawingjj They are approximate account drawing (a) showing the actuation situation of the sensor component 
used for this invention, (b), and (c). 

[Drawing 4] It is the outline perspective view showing the example of the fixed approach of a sensor component 
and a vibration testing machine. 

[Drawing 5] The plan in which (a) shows the actual configuration of a sensor component and (b) are drawings 
which modeled the sensor component. 

LDrawina 6] They are approximate account drawing (a) showing the attaching position to the fixture in the case 
of vibrating a sensor component to X shaft orientations, and (b). 

[Drawing 7] They are approximate account drawing (a) showing the attaching position to the fixture in the case 
of vibrating a sensor component to Y shaft orientations, and (b). 

[Drawing 8] They are approximate account drawing (a) showing the attaching position to the fixture in the case 
of vibrating a sensor component to Z shaft orientations, and (b). 

[i?ra.wing^9j In the graph which shows the measurement wave at the time of vibrating a sensor component to X 
shaft orientations, in (a), the output of the component for the X-axes and (b) indicate the output of the 
component for Y-axes, and (c) indicates the output of the component for the Z-axes to be 
[Description of Notations] 

I [ A flat spring, 5 / — Oscillating object, ] — A vibration testing machine, 2 — The coil for excitation, 3 — 
A pedestal. 4 6 [ — A flexible plate. 13 / — Piezo electric crystal, ] — The coil for actuation. 10 — A weight, 

II — A bridge abutment 12 14 [ — Lower electrode. ] — A piezoelectric device, 16 — A cylindrical centrum, 
17 — An up electrode. 18 20 [ — Bolt ] — A sensor component 21 — 22 A coaxial line. 23 — 24 A fixture, 25 
26 [ — A dummy fixture. 30 / — The member for immobilization. 31 / — Standard pickup, 32a / — A bonding 
pad (up electrode) 32b / — Bonding pad (lower electrode). ] — A fixture. 27 — A bolt 28 — An oscillating 
object 29 



[Translation done.] 
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